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7KH�LQWHUIDFH�EHWZHHQ�SUR�LQÁDPPDWRU\�F\WRNLQHV�DQG�UKHXPDWRLG�V\QRYLDO�ÀEUREODVW��V)/6��KDV�FHQWUDO�HIIHFWV�RQ�
UKHXPDWRLG�DUWKULWLV��5$���7KH�SUHVHQW�VWXG\�DLPHG�WR�H[SORUH�WKH�UROH�RI�,/����H[SUHVVLRQ�DV�RQH�RI�PDMRU�F\WRNLQH�

implicated in RA.

Methods 
:H�H[DPLQHG�WKH�H[SUHVVLRQ�RI�,/����DIWHU�5$�V)/6�VWLPXODWHG�E\�,/��ơ�DQG�7*)�ơ��VHSDUDWHO\�E\�UHYHUVH�WUDQVFULSWLRQ�
SRO\PHUDVH�FKDLQ�UHDFWLRQ��57�3&5���7UDQVZHOO�DQG�ZRXQG�FORVXUH�WHFKQLTXHV�ZHUH�XVHG�WR�GHWHFW�ZKHWKHU�,/����LV�
involved in promoting cell migration. Cellular viability was determined via CCK-8 and cultural morphology assays 

EHWZHHQ�,/����GRZQUHJXODWHG�JURXS�DQG�QRQ�WUDQVIHFWHG�FRXQWHUSDUW��:H�DOVR�WHVWHG�WKH�H[SUHVVLRQ�RI�9(*)�JHQH�ZLWK�
57�3&5�DQDO\VLV�DQG�DFWLYDWLRQ�RI�WKH�PDMRU�VLJQDOOLQJ�SDWKZD\V�E\�ZHVWHUQ�EORW�LQ�,/����GRZQ�UHJXODWHG�JURXS��,/��ơ�RU�
7*)�ơ��WUHDWHG�JURXSV��3URSLGLXP�LRGLGH��3,��VWDLQLQJ�DQG�ÁXRUHVFHLQH�LVRWKLRF\DQDWH��),7&��$QQH[LQ�9�DQG�SURSLGLXP�
LRGLGH�DSRSWRVLV�DVVD\�ZHUH�XVHG�WR�DQDO\VH�FHOO�F\FOH�DUUHVW�DQG�DSRSWRVLV�VHSDUDWHO\�LQ�,/����GRZQ�UHJXODWHG�FHOOV���

Results 
:H�IRXQG�WKDW�,/��ơ�VLJQLÀFDQWO\�HQKDQFHG�,/����H[SUHVVLRQ��ZKLOH�FRQWUDULO\��7*)�ơ��UHVWUDLQHG�,/����JHQH�H[SUHVVLRQ��
7UDQVZHOO�DQG�ZRXQG�FORVXUH�WHFKQLTXHV�VKRZHG�WKDW�,/����ZDV�LQYROYHG�FRQVLGHUDEO\�LQ�SURPRWLQJ�FHOO�PLJUDWLRQ��

+RZHYHU��,/����NQRFN�GRZQ�UHVWULFWHG�V)/6�PLJUDWLRQ�SRVVLEO\�WKURXJK�WKH�GLPLQLVKLQJ�RI�003��DQG�003��H[SUHVVLRQ��
,QWHUHVWLQJO\��,/����GRZQ�UHJXODWHG�FHOOV�H[KLELWHG�VLJQLÀFDQWO\�ORZ�FHOOXODU�YLDELOLW\�FRPSDUHG�ZLWK�WKH�QRQ�WUDQVIHFWHG�
FRXQWHUSDUW�YLD�&&.���DQG�FXOWXUDO�PRUSKRORJ\�DVVD\V��:H�IRXQG�WKDW�,/����GRZQ�UHJXODWHG�FHOOV�KDYH�ORZ�9(*)�JHQH�
H[SUHVVLRQ�FRPSDUHG�ZLWK�WUHDWHG�FHOOV��3,�VWDLQLQJ�VKRZHG�D�*��*��FHOO�F\FOH�DUUHVW�LQ�,/����GRZQ�UHJXODWHG�FHOOV��

),7&�$QQH[LQ�9�DQG�SURSLGLXP�LRGLGH�DSRSWRVLV�DVVD\�YHULÀHG�WKDW�,/����GRZQ�UHJXODWHG�FHOOV�LQGXFHG�PDVVLYH�DSRSWRVLV�
WKURXJK�DSRSWRWLF�VLJQDOOLQJ�FDVSDVH���ZKLOH�,/��ơ�WUHDWHG�FHOOV�SUHVHQWHG�WHUPLQDWLRQ�RI�FHOOXODU�DSRSWRVLV�VLJQDOOHG�E\�
%&/����)XUWKHUPRUH��ZH�REVHUYHG�,/����LQGXFHG�DFWLYDWLRQ�RI�(5.����DQG�$.7�SDWKZD\V�ZKLOH�,/����GRZQ�UHJXODWLRQ�

VLJQLÀFDQWO\�GHFUHDVHG�WKH�DFWLYDWLRQ�RI�WKHVH�SDWKZD\V��

&RQFOXVLRQ
2XU�GDWD�DGG�QRYHO�LQVLJKWV�LQWR�WKH�SDWKRJHQHVLV�RI�5$�DQG�ZH�VXJJHVW�WKDW�,/����SOD\V�D�GRPLQDQW�UROH�LQ�FRQWUROOLQJ�
PLJUDWLRQ�DQG�SUROLIHUDWLRQ�RI�V)/6��&RQVHTXHQWO\��WKHUDSHXWLF�VWUDWHJLHV�WDUJHWLQJ�,/����FRXOG�EH�D�SRWHQW�WKHUDS\�IRU�5$�

.H\�ZRUGV
IL-34, rheumatoid arthritis, (5.�$.7��V\QRYLDO�ÀEUREODVW�SUROLIHUDWLRQ��V\QRYLDO�ÀEUREODVW�PLJUDWLRQ
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,QWURGXFWLRQ
Rheumatoid arthritis (RA) is an autoim-
mune disease characterised by chronic 
LQÁDPPDWLRQ�RI�V\QRYLDO�OD\HUV��UHVXOW-
ing in progressive articular destruction, 
which eventually leads to restricted 
joint movement and disability. Among 
the cells located in rheumatic joints, 
V\QRYLDO�ÀEUREODVWV�DUH�WKH�PRVW�FULWLFDO��
GULYLQJ� ORFDO� SURGXFWLRQ� RI� F\WRNLQHV�
and tissue-destroying proteolytic en-
zymes which destroy the extracellular 
matrix and cartilage in a pathological 
condition. Recent studies have reported 
that there exist active communication 
EHWZHHQ�F\WRNLQHV�DQG�FHOOV�RI�5$�GLV-
HDVH�� DQG� PRVW� RI� WKHVH� LQÁDPPDWRU\�
F\WRNLQHV�� SDUWLFXODUO\� 71)�Ơ�� ,/����
and IL -34 are critical in the pathogen-
HVLV�RI�5$�DV� WKH\�DUH� LQYROYHG� LQ� WKH�
UHJXODWLRQ� RI� SUROLIHUDWLRQ�� PLJUDWLRQ��
DQG�DSRSWRVLV�RI�V\QRYLDO�ÀEUREODVW�OLNH�
synoviocytes (sFLS) (1). 
,/����KDV�EHHQ� IRXQG�FRQVWLWXWLYHO\� LQ�
many tissues, and it is most abundant in 
the spleen (2), but also expressed in the 
V\QRYLDO� WLVVXH� RI� 5$� SDWLHQWV�� $GGL-
WLRQDOO\��WKH�SDWKRORJLFDO�SKDVH�RI�5$�LV�
characterised with elevated IL-34 in se-
UXP�DQG�V\QRYLDO�ÁXLG������7KH�H[SUHV-
VLRQ�RI� ,/���� LV� UHJXODWHG�E\�7*)�ơ���
71)�Ơ�DQG�,/��ơ��DQG�UHFHQW�HYLGHQFH�
show that it support the myeloid cells’ 
GLIIHUHQWLDWLRQ� DQG� SUROLIHUDWLRQ�� ,/����
KDV�EHHQ�GHWHFWHG�LQ�RUDO�LQÁDPPDWLRQ�
LQYROYLQJ�WKH�H[SUHVVLRQ�RI�71)�Ơ��,/�
�ơ��,/����DQG�,/�����DQG�LQ�RWKHU�FRQ-
ditions which accompany autoimmune 
disorders such as RA, and lupus (4, 5). 
7*)�ơ�� LV� D� PXOWLIXQFWLRQDO� F\WRNLQH�
WKDW�FRQWULEXWHV�WR�WKH�SUROLIHUDWLRQ�DQG�
GLIIHUHQWLDWLRQ� RI� QXPHURXV� FHOO� W\SHV��
DQG� ,/��ơ� F\WRNLQH� LV� D� NH\� SOD\HU� LQ�
WKH� HVWDEOLVKPHQW� RI� FKURQLF� MRLQW� LQ-
ÁDPPDWLRQ�� 7KH� PDMRU� FKDUDFWHULVWLFV�
ODUJHO\�UHVSRQVLEOH�IRU�WKH�GHYHORSPHQW�
RI�5$�DUH�WKH�DEHUUDQW�SUROLIHUDWLRQ�DQG�
PLJUDWLRQ�RI�V)/6��KHQFH��WKH�RSWLPXP�
UHJXODWLRQ� RI� WKHVH� FKDUDFWHULVWLFV� DUH�
FULWLFDO�IRU�WKH�WUHDWPHQW�RI�5$��$JDLQVW�
this background, we hypothesised that 
,/����H[SUHVVHG�E\�V\QRYLDO�ÀEUREODVWV��
the most abundant cell type in RA, could 
EH� PRGXODWHG� E\� 7*)�ơ�� DQG� ,/��ơ��
DQG� VXEVHTXHQWO\� LQÁXHQFH� QHJDWLYHO\�
WKH�DJJUHVVLYH�SUROLIHUDWLRQ�DQG�PLJUD-
WLRQ�RI�V)/6��2XU�ÀQGLQJV�VXJJHVW�WKDW�

,/���� WUDQVFULSWLRQ� LV� VLJQLÀFDQWO\� HQ-
KDQFHG�E\�,/��ơ��ZKLOH�7*)�ơ��LQKLELWV�
IL-34 mRNA and protein expression in 
sFLS. IL-34 targeted therapy via the op-
WLPXP�UHJXODWLRQ�RI�7*)�ơ��DQG�,/��ơ�
could provide alternative diagnostic and 
therapeutic strategies in RA treatment. 

Materials and methods
3DWLHQWV
The synovial tissues were collected 
IURP� WKH� 2UWKRSDHGLFV� 'HSDUWPHQW� RI�
WKH�6HFRQG�+RVSLWDO�RI�'DOLDQ�0HGLFDO�
8QLYHUVLW\��'DOLDQ��&KLQD��3DWLHQWV�ZHUH�
diagnosed according to the RA 1987 re-
YLVHG�FODVVLÀFDWLRQ�FULWHULD�RI�WKH�$PHUL-
FDQ�&ROOHJH�RI�5KHXPDWRORJ\��6\QRYLDO�
WLVVXHV� ZHUH� FROOHFWHG� IURP� �� SDWLHQWV�
who were undergoing total joint replace-
ment surgery. The approval to conduct 
this study was granted by the ethical 
FRPPLWWHH� RI� KXPDQ� DQG� DQLPDO� UH-
VHDUFK�RI�WKH�'DOLDQ�0HGLFDO�8QLYHUVLW\��

5$�)/6�,VRODWLRQ
(Q]\PDWLF�GLJHVWLRQ�RI�V\QRYLDO�WLVVXHV�
ZDV�SHUIRUPHG�WR�JHW�)/6��7KH�FROOHFW-
HG�V\QRYLDO�WLVVXHV�ZHUH�ÀQHO\�PLQFHG�
into pieces and treated with collagenase 
W\SH� ,� IURP� Clostridium histolyticum 
(Biotopped, China) at a concentration 
RI���PJ�P/�LQ�'XOEHFFR·V�PRGLÀHG�(D-
JOH·V�PHGLXP��'0(0���%LRORJLFDO�,Q-
dustries, USA) in a petri dish. The dish 
ZDV�LQFXEDWHG�DW����&�RQ�D�VKDNHU�IRU�
2 hours. The digested tissues were then 
ÀOWHUHG�WKURXJK�Q\ORQ�PHVK�RI�SRUH�GL-
DPHWHU���ƫ0� WR�JHW�GHVLUHG�)/6��7KH�
ÀOWUDWH� ZDV� FHQWULIXJHG� IRU� �� PLQXWHV�
at 300g. Finally, the sediment was re-
VXVSHQGHG�LQ�DQ� LQDGHTXDWH�YROXPH�RI�
'0(0� VXSSOHPHQWHG� ZLWK� ���� IHWDO�
bovine serum (FBS) (Biological Indus-
tries, USA), 100 U/ml penicillin, and 
���� ƫJ�PO� VWUHSWRP\FLQ�� DQG� FXOWXUHG�
LQ� KXPLGLÀHG� HQYLURQPHQW� LQFXED-
WRU�DW����&�DQG����&22��7KUHH�WR�ÀYH�
SDVVDJHV�RI�5$�)/6�ZHUH�XVHG�IRU�DOO�����
experiments.

Cell culture and stimulation
$W�DSSUR[LPDWHO\���²�����FRQÁXHQF\��
RA-FLS were trypsinised, harvested, 
UH�VXVSHQGHG��GLYLGHG�IRU�FHOO�SURSDJD-
WLRQ�LQ�'0(0�ZLWK�����)%6������8�
PO�SHQLFLOOLQ��DQG�����ƫJ�PO�VWUHSWRP\-
FLQ��DQG�LQFXEDWHG�DW����&��DQG����&22 
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LQ� KXPLGLÀHG� HQYLURQPHQW�� 7KUHH� WR�
ÀYH�SDVVDJHV�RI�5$�)/6�VKRZHG�W\SL-
cal morphological characteristics under 
phase contrast microscope. To study the 
HIIHFW� RI� ,/���� RQ� 5$�)/6�� 5$�)/6�
ZHUH�VWDUYHG�IRU���K��DQG�WKHQ�VWLPXODW-
HG�ZLWK�7*)�ơ������QJ�P/���,/��ơ�����
QJ�P/�� LQ� VHUXP�IUHH�'0(0�IRU���K��
while the incubation time was extended 
WR����K�IRU�ZHVWHUQ�EORWWLQJ��

7RWDO�P51$�H[WUDFWLRQ
RA-FLS cells were washed twice with 
VWHULOH� 3%6� DQG� KDUYHVWHG� LQ� 51$LVR�
3OXV��7DNDUD�%LR��'DOLDQ��&KLQD���7RWDO�
51$�ZDV�H[WUDFWHG�IURP�WKH�FHOO�DV�GL-
UHFWHG�E\�WKH�PDQXIDFWXUHU��%ULHÁ\��WKH�
FHOOV�LQ�51$LVR�3OXV�ZHUH�SXW�RQ�LFH�IRU�
ÀYH�PLQXWHV� DQG�FHQWULIXJHG�DW���&�DW�
�����J�IRU����PLQXWHV��7KH�VXSHUQDWDQW�
ZDV�DGGHG� WR�HTXDO�YROXPH�RI�FKORUR-
IRUP�� LQFXEDWHG�RQ� LFH� IRU����PLQXWHV�
DQG� FHQWULIXJH� DV� DERYH��7KH� DTXHRXV�
SKDVH�ZDV�DGGHG�WR�����ƫO�LVRSURSDQRO�
DQG�PL[HG�JHQWO\��DQG�FHQWULIXJH�DW���&�
DW������J�IRU����PLQXWHV��7KH�VHGLPHQW�
ZDV� ZDVKHG� LQ� �P/� ���� HWKDQRO� LQ�
'(3&� WUHDWHG�+22��DQG�FHQWULIXJH� IRU�
10 minutes. The pellet was air dried, 
GLVVROYHG�LQ����ƫO�RI�51DVH�IUHH�+22��
and the concentration determined by 
1DQR'URS������IXOO�VSHFWUXP��7KHUPR�
6FLHQWLÀF���86$���

Reverse transcription polymerase 
FKDLQ�UHDFWLRQ��3&5�
/HVV� WKDQ� �� ƫJ� RI� WKH� 51$� H[WUDFWHG�
ZDV� XVHG� IRU� F'1$� V\QWKHVLV�� XV-
LQJ� 3ULPH6FULSW�� �VW� VWUDQG� F'1$�
Synthesis Kit (Takara Bio, Japan). A 
PL[WXUH�FRQVLVWLQJ�RI�ROLJR�G7�SULPHU��
G173� PL[WXUH�� 51DVH� )UHH� GG+�2�
and our extracted RNA templates was 
LQFXEDWHG�DW����&�IRU�ÀYH�PLQXWHV�DQG�
immediately cooled on ice. 5X prime-
6FULSW� EXIIHU�� 51DVH� LQKLELWRU�� 57DVH��
DQG�51DVH� )UHH� G+�2�ZHUH� DGGHG� WR�
WKH�SUHYLRXV�PL[WXUH� WR�JHW����ƫO� LQ� D�
PLFUR�WXEH� DFFRUGLQJ� WR� WKH� PDQXIDF-
turer’s instructions. The mixture was 
homogenised gently by micro-centri-
IXJH� DQG� LQFXEDWHG� IRU� ��� PLQXWHV� DW�
42ºC. The enzyme was inactivated by 
LQFXEDWLQJ� DW� ���&� IRU� �� PLQXWHV� DQG�
WKHQ�FRROHG�RQ�LFH��5HDO�WLPH�3&5�ZDV�
SHUIRUPHG� WR� DPSOLI\� WKH� JHQHV�� DQG�
*$3'+�ZDV� XVHG� DV� DQ� LQWHUQDO� FRQ-

WURO�WR�HYDOXDWH�WKH�F'1$�V\QWKHVLV�HI-
ÀFLHQF\��7KH�SULPHUV�XVHG�LQ�WKLV�VWXG\�
were obtained Takara Bio, Japan, and 
are indicated in Table I.

3URWHLQ�H[WUDFWLRQ 
5$�)/6� FXOWXUH� WR� ����� FRQÁXHQFH�
was scraped using ice-cold phosphate 
EXIIHU� VDOLQH� �3%6�� DQG� FROG� SODVWLF�
VFUDSHU�DQG�WKHQ�KDUYHVWHG�E\�FHQWULIX-
JDWLRQ� DW� ����� 530� IRU� ��PLQXWHV� DW�
��&��/\VLV�EXIIHU�FRQWDLQLQJ�SURWHLQDVH�
inhibitor, phosphate inhibitor, and phe-
Q\OPHWKDQHVXOIRQ\O�ÁXRULGH��306)��DV�
prescribed by the kit protocol (KeyGen 
Biotech, China) was added to the cells. 
7KH�UHVXOWLQJ�PL[WXUH�ZDV�YRUWH[HG�IRU�
��� PLQXWHV� DQG� FHQWULIXJHG� DW� ������
530�IRU����PLQXWHV�DW���&��7KH�VXSHU-
natant was used as the total protein ex-
WUDFW��7KH�FRQFHQWUDWLRQ�RI�WKH�WRWDO�SUR-
tein was estimated with bicinchoninic 
acid (BCA), (KeyGen Biotech, China), 
LQ� DFFRUGDQFH�ZLWK� WKH�PDQXIDFWXUHU·V�
instruction. Standard absorbance curve 
was established using standard protein, 
DQG� FRQFHQWUDWLRQV� RI� WKH� VDPSOHV� H[-
WUDSRODWHG�IURP�WKH�FXUYH��3URWHLQ�FRQ-
FHQWUDWLRQ�RI����ƫJ�ZDV�XVHG�IRU�ZHVW-
ern blotting.

Western blot
���ƫJ�RI�WKH�WRWDO�SURWHLQ�H[WUDFWHG�IURP�
5$�)/6�ZHUH� VXEMHFWHG� WR�����6RGL-
XP�GRGHF\O�VXOIDWH�SRO\DFU\ODPLGH�JHO�
HOHFWURSKRUHVLV� �6'6�3$*(��� DQG� WR�
Hybond-C nitrocellulose membranes, 
DQG�EORFNHG�ZLWK����VNLPPHG�PLON�LQ�
7ULV�EXIIHUHG� VDOLQH� WZHHQ� ��� �7%67��
DW�URRP�WHPSHUDWXUH�IRU���K��7KH�PHP-
branes were incubated with rabbit IgG 
(primary Ab), (1:1000, Abcam, USA) 
DQG� ơ�DFWLQ� ���������$EFDP��86$�� DW�
��&�IRU�RYHUQLJKW��$IWHU�ZDVKLQJ�WKULFH�
with TBST, the membranes were incu-
bated with H.R peroxidase-conjugated 
JRDW�DQWL�UDEELW�,J*��VHFRQGDU\�$E��IRU�
1 h at room temperature. The proteins 
were visualised by Enhanced chemi-
luminescent (ECL) detection system 
(Bio-Rad, USA). The band density 
TXDQWLÀFDWLRQ�ZDV�SHUIRUPHG�E\�,PDJH�
/DE�VRIWZDUH��%LR�5DG��86$��

,/����JHQH�VLOHQFLQJ�
siRNA against hIL-34 and silencer neg-
ative siRNA control were purchased 

IURP� *HQH3KDUPD� 7HFKQRORJLHV��
Shanghai, China, sequence indicated 
in Table II. They were dissolved in 
VL51$�EXIIHU�����ƫ/�'(3&��VXSSOLHG�
E\� *HQH3KDUPD� 7HFKQRORJLHV�� DQG�
WUDQVIHFWHG� LQWR� 5$�)/6� RI� ��²����
FRQÁXHQFH� DV�GHVFULEHG�E\� WKH�PDQX-
IDFWXUHU��7KH�HIIHFW�RI� WKH� WUDQVIHFWLRQ�
ZDV� FRQÀUPHG� E\� 57�3&5�� ZHVWHUQ�
EORW�� DQG�ÁXRUHVFHQW�PLFURVFRS\����K�
SRVW�WUDQVIHFWLRQ��

Transwell migration assay
Transwell migration assay was per-
IRUPHG�WR�PHDVXUH�FHOO�PLJUDWLRQ��7UDQ-
VZHOO� FKDPEHUV� ��ƫP� SRUHV�� &RUQLQJ��
New York, USA) in 24-well plates were 
used. RA-FLS were added to the upper 
FKDPEHUV�����ƫO���ð��5 cells/mL), and 
WKH� ORZHU� FKDPEHUV�ÀOOHG�ZLWK� ����ƫO�
�����)%6� LQ�'0(0�PHGLXP�� DV� WKH�
DWWUDFWLQJ�DJHQW��$IWHU����K�LQFXEDWLRQ��
the Non-migrated cells were removed 
IURP�WKH�XSSHU�VLGH�DQG�PLJUDWHG�FHOOV�
ZHUH� À[HG� ZLWK� PHWKDQRO� IRU� ��� PLQ�
DQG� VWDLQHG� ZLWK� ����� FU\VWDO� YLROHW��
The cells were visualised by an invert-
HG�PLFURVFRSH��2O\PSXV��;����7RN\R��
Japan).

Wound-healing assay
RA-FLS were cultured into a six-well 
plate, and then scratches were made 
LQ� WKH�PLGVW�RI� HDFK�ZHOO�XVLQJ�D�����
ƫ/� SLSHWWH� WLS�� 6FUDWFKHG� OD\HUV� ZHUH�
ZDVKHG� ZLWK� 3%6� WR� UHPRYH� QRQ�DG-
herent cells and replaced medium with 
VHUXP�IUHH� '0(0�� :RXQG� KHDOLQJ�
was observed with an inverted micro-
VFRSH� �2O\PSXV��;����7RN\R�� -DSDQ��
and evaluated by compared the cell-
IUHH�DUHD�ZLWK�WKH�LQLWLDO�ZRXQG�UHJLRQ�

7DEOH� ,�� &OLQLFDO� DQG� ODERUDWRU\� IHDWXUHV�
RI�UKHXPDWRLG�DUWKULWLV�SDWLHQWV�LQYROYHG�LQ�
this study.

Characteristics Values

Age (years) 64.57 ± 3.51
Men/Female 1/6
'LVHDVH�GXUDWLRQ��\HDUV�� �����������
ESR, mm/h 27.57  ± 15.59
&53��ƫJ�PO� ��������������
RF-IgM, IU/ml 92.13  ± 93.50
$QWL�&&3��8�PO� ����������������

(65��HU\WKURF\WH�VHGLPHQWDWLRQ�UDWH��&53��&�UH-
DFWLYH�SURWHLQ��5)��UKHXPDWRLG�IDFWRU��$QWL�&&3��
anti-cyclic citrullinated peptide. 
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*HODWLQ�]\PRJUDSK\�DVVD\
*HODWLQ� ]\PRJUDSK\� ZDV� SHUIRUPHG�
WR� GHWHUPLQH�003��� DQG�003��� DF-
WLYLWLHV�LQ�WKH�VXSHUQDWDQWV�RI�5$�)/6��
%ULHÁ\�� VXSHUQDWDQWV� RI� WUHDWHG� FHOOV�
��ð��4 FHOOV��ZHUH�FROOHFWHG�DQG����ƫJ�
RI�SURWHLQ�ZDV�ORDGHG�RQ�HOHFWURSKRUH-
VLV�SRO\DFU\ODPLGH�JHO�FRQWDLQLQJ������
gelatin (type A, G-8150, Sigma-Al-

drich). The gel was washed with wash-
LQJ�EXIIHU�DQG�VWDLQHG�E\�&RRPPDVVLH�
Brilliant Blue.

CCK-8 cell proliferation assay 
V)/6� SUROLIHUDWLRQ� ZDV� GHPRQVWUDWHG�
by the CCK-8 assay. To determine the 
HIIHFW� RI� ,/���� H[SUHVVLRQ� RQ� WKH� SUR-
OLIHUDWLRQ� RI� V\QRYLDO� ÀEUREODVW�� �ð��3 

RI� V)/6� FHOOV� VXVSHQGHG� LQ� ����PO� RI�
'0(0�SHU�ZHOO�ZHUH�VHHGHG�LQ����ZHOO�
plate and 24 h incubation to allow cells 
WR� DWWDFK� RQ� ZHOO� ERWWRPV�� 7KHUHDIWHU��
the cells were treated with (10 ng/mL 
,/��ơ�DQG����QJ�P/�7*)�ơ���IRU����K��
1H[W�����ƫO�RI�&&.���UHDJHQW�ZDV�DGG-
ed to treated, untreated (control) and IL-
34 down-regulated cells. The cells were 
LQFXEDWHG�IRU���K�DW����&�DQG����&22, 
and the absorbance detected at an opti-
FDO�GHQVLW\��2'��RI�����QP�XVLQJ�0XOWL-
skanGo Spectrophotometer (USA).

Cultural morphological assay
The RA-FLS cells were seeded into 
6-well plate (1000 cells/wells) in trip-
OLFDWHV�� FRQWDLQLQJ� �� PO� '0(0� VXS-
SOHPHQWHG�ZLWK������)%6���$IWHU����K�
RA-FLS were treated with appropriate 
F\WRNLQHV�FRQFHQWUDWLRQ��DQG�IXUWKHU�LQ-
FXEDWHG�IRU���GD\V��7KH�FHOOV�ZHUH�WKHQ�
À[HG� ZLWK� ���� DFHWLF� DFLG� LQ� HWKDQRO�
DQG�VWDLQHG�ZLWK������FU\VWDO�YLROHW��7KH�
cells were observed by inverted micro-
VFRSH��2O\PSXV��;����7RN\R��-DSDQ���

Cell cycle analysis assay 
7R� H[SORUH� WKH� LQÁXHQFH� RI� ,/���� RQ�
FHOO�F\FOH�SURJUHVVLRQ�RI�V\QRYLDO�ÀEUR-
blast, sFLS were detached using trypsin 
DQG�LQFXEDWHG�IRU����K�LQ�D�FXOWXUH�PH-
GLXP� LQ� ��ZHOOV� SODWH��$IWHU� WKH� ��� K��
the medium was replaced and stimu-
ODWHG�ZLWK�,/��ơ���QJ�P/�DQG�7*)�ơ��
10 ng/mL and then incubation in 37ºC, 

7DEOH�,,,��6HTXHQFHV�RI�VL51$�XVHG�IRU�,/����GRZQ�UHJXODWLRQ��

Gene Type Sequences

IL-34-homo-578 Forward sense 5_-UGCGCUAUCUUGGGAUCUUTT-3
 Reverse antisense 5_-AAGAUCCCAAGAUAGCGCATT-3

IL-34-homo-702 Forward sense 5_-CCGACUUCAGUACAUGAAATT-3
 Reverse antisense 5_-UUUCAUGUACUGAAGUCGGTT-3

IL-34-homo-1091 Forward sense 5_GCUGUAAACAAAGCUCCGUTT-3
 Reverse antisense 5_-ACGGAGCUUUGUUUACAGCTT-3

Negative siRNA Forward sense 5_-UUCUCCGAACGUGUCACGUTT-3 
 Reverse antisense 5_-ACGUGACACGUUCGGAGAATT-3

7DEOH�,,��3ULPHU�VHTXHQFHV�XVHG�IRU�F'1$�DPSOLÀFDWLRQ��

Gene Type Sequences

IL-34 Forward sense 5- AAGTCCTCAGTCTTGCAGCC -3
 Reverse antisense 5- CCTATCCGCAGTCACCATCC -3

MMP-2 Forward sense 5- CCGTCGCCCATCATCAAGTT -3
 Reverse antisense 5- CTGTCTGGGGCAGTCCAAAG -3

MMP-9 Forward sense 5- GGGACGCAGACATCGTCATC-3
 Reverse antisense 5- TCGTCATCGTCGAAATGGGC -3

VEGF Forward sense 5- TTCTGGGCTGTTCTCGCTTC -3
 Reverse antisense 5- CTCTCCTCTTCCTTCTCTTCTTCC -3

GAPDH Forward sense 5 - TGACCACAGTCCATGCCATCAC-3
 Reverse antisense 5 - CGCCTGCTTCACCACCTTCTT-3

)LJ����� ,/��ơ�DQG�7*)�ơ��YDULDEO\�DI-
IHFW�WKH�H[SUHVVLRQ�,/����
A�� V)/6� IURP� 5$� SDWLHQWV� ZHUH� LQFX-
EDWHG� LQ� WKH�SUHVHQFH�RU� DEVHQFH�RI� ,/�
�ơ���������������������QJ�P/��IRU���KRXUV��
IL-34 mRNA levels were determined by 
57�3&5��
B��V)/6�IURP�5$�SDWLHQWV�ZHUH�LQFXEDW-
HG�LQ�WKH�SUHVHQFH�RU�DEVHQFH�RI�7*)�ơ��
������ ��� ����� ��� ��� QJ�P/�� IRU� �� KRXUV��
IL-34 mRNA levels were determined by 
57�3&5��
**p<0.002, ***p<0.0003.
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DQG� ���&22� LQ� D� KXPLGLÀHG� HQYLURQ-
PHQW�IRU���K��7KH�FHOOV�ZHUH�KDUYHVWHG�
DW�WKH�ORJ�SKDVH�RI�JURZWK��ZDVKHG�WZR�
WLPHV�ZLWK�LFH�FROG�3%6�DQG�WKHQ�À[HG�
LQ�����FROG� HWKDQRO� DW� �oC overnight. 
$IWHU� À[DWLRQ�� WKH� FHOOV� ZHUH� ZDVKHG�
WZLFH� ZLWK� LFH�FROG� 3%6�� ��� ƫJ�PO�
RNase (Sigma, USA) was added to the 
FHOOV�DQG�LQFXEDWHG�IRU����PLQXWHV��7KH�
FHOOV�ZHUH�VWDLQHG�ZLWK����ƫJ�PO�RI�SUR-
pidium iodide (Sigma USA) in darkness 
DQG�DQDO\VHG�E\�ÁRZ�F\WRPHWU\��%HFN-
man counter, USA). The data was ana-
O\VHG�XVLQJ�0XOWLF\FOH�VRIWZDUH��3KRH-
QL[�)ORZ�6\VWHPV��6DQ�'LHJR��86$��WR�
substantiate the cell cycle population.

Cell apoptosis analysis
Apoptosis assay was used to evaluate 
WKH�HIIHFW�RI�,/����RQ�5$�)/6�DV�ZHOO�
as, IL-34 down-regulation on sFLS. 
3URSLGLXP�LRGLGH�DQG�$QQH[LQ�9�),7&�
apoptosis test kit (KeyGEN, China) 
ZHUH�XVHG���ð��6 cells were seeded into 
�� FP�GLVK�� LQFXEDWHG� LQ�KXPLGLÀHG� DW-
PRVSKHUH�XQGHU����&22�DW����&�IRU����
h. Following 24 h, culture medium was 
replaced with either complete medium 
RQO\�IRU�FRQWURO�DQG�WUDQVIHFWHG�FHOOV�RU�
complete medium with (10 ng/mL IL-
�ơ�DQG����QJ�P/�7*)�ơ���DV�WUHDWPHQW�
JURXSV�DQG�LQFXEDWHG�IRU����K��7KH�FHOOV�
were harvested and washed with cold 

3%6�IRU�WKUHH�WLPHV��1H[W��WKH�FHOOV�ZHUH�
UHVXVSHQGHG� LQ� ���� ƫO� ELQGLQJ� EXIIHU�
DQG�LQFXEDWHG�LQ���ƫ/�3,�DQG���ƫ/�$Q-
QH[LQ�9�),7&�LQ�WKH�GDUN�DUHD�IRU����PLQ�
at room temperature and, subsequently, 
H[DPLQHG�E\�ÁXRUHVFHQFH�DFWLYDWHG�FHOO�
sorting (FACS) analysis (FACS Calibur, 
%'�%LRVFLHQFHV�86$���7KH�UHVXOWV�ZHUH�
DQDO\VHG�XVLQJ�WKH�&HOO�4XHVW�VRIWZDUH�
�%'�%LRVFLHQFHV��86$��

Statistical analysis
*UDSK3DG� 3ULVP� Y�� ����� �6DQ� 'LHJR��
86$��ZDV� XVHG� IRU� DOO� VWDWLVWLFDO� DQDO-
\VLV�� 2QH�ZD\� DQDO\VLV� RI� YDULDQFH�
�$129$�� ZDV� HPSOR\HG� WR� FRPSDUH�

)LJ���� ,/����NQRFN�GRZQ�VXSSUHVVHV�9(*)�H[SUHVVLRQ�DQG�V)/6�SUROLIHUDWLRQ�YLD�(5.����DQG�$.7����SDWKZD\V��
A/a��7UDQVIHFWHG�V)/6�ZLWK�GLIIHUHQW�VL51$V��,/����H[SUHVVLRQ�GHWHUPLQHG�E\�57�3&5��
$�E��7UDQVIHFWHG�V)/6��LPDJHV�ZHUH�WDNHQ�E\�ÁXRUHVFHQFH�PLFURVFRSH�IROORZLQJ�WUDQVIHFWLRQ�ZLWK�GLIIHUHQW�VL51$V��
B: Cell growth was assessed using CCK-8 assay and analysed by MultiscanGo photospectrometer. 
C��&HOO�SUROLIHUDWLRQ�UDWH�ZDV�H[DPLQHG�XVLQJ�FXOWXUDO�SUROLIHUDWLRQ�DVVD\��
D��,/����GRZQ�UHJXODWLRQ�LQKLELWV�H[SUHVVLRQ�RI�9(*)��9(*)�P51$�OHYHOV�ZHUH�GHWHUPLQHG�E\�57�3&5��E:�5$�)/6�ZHUH�VWLPXODWHG�ZLWK�GLIIHUHQW�FRQ-
FHQWUDWLRQV�RI�F\WRNLQHV��LQ�DQ�DSSURSULDWH�FRQFHQWUDWLRQ�IRU�UHJXODWLQJ�,/����H[SUHVVLRQ��DQG�GHWHUPLQHG�E\�LPPXQREORWWLQJ��ơ�DFWLQ�SURWHLQV�H[SUHVVLRQ�
used as internal control. 
**p<0.001, ***p<0.0002, **p<0.003, *p<0.006, ***p<0.0001. 
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GLIIHUHQFH� DPRQJ� JURXSV�� 7KH� UHVXOWV�
VKRZQ�DUH�UHSUHVHQWDWLYHV�RI�WKUHH�LQGH-
pendent experiments, and p-value <0.05 
ZDV�FRQVLGHUHG�VWDWLVWLFDOO\�VLJQLÀFDQW��

Results
,/����XS�UHJXODWLRQ�DQG�GRZQ�
UHJXODWLRQ�E\�,/��ơ�DQG�7*)�ơ�
Several studies’ reported that the RA-
)/6� H[SUHVVHG� D� YDULHW\� RI� F\WRNLQHV�
which are involved in cellular activities. 
+HUH��ZH� IRXQG� WKDW� WKH� ,/����P51$�
ZDV� H[SUHVVHG� LQ� 5$�)/6�PDQLIHVWHG�
E\� 57�3&5� DQDO\VLV� ZKLFK� HOXFLGDWHG�
as endogenous control. (Fig. 1 A-B) We 
DVVHVVHG�WKH�HIIHFWV�RI�,/��ơ��VXJJHVWHG�
DV� V\QHUJLVWLF� IRU� ,/����� DQG� 7*)�ơ��
�VXJJHVWHG� DV� DQWDJRQLVWLF� IRU� ,/�����
with variable concentrations on IL-34 
expressed with FLS. As Fig. 1A and B 
VKRZHG�� ��� QJ�PO� RI� ,/��ơ� REYLRXVO\�
SURPRWHG�,/����H[SUHVVLRQ�RQ�)/6��2Q�
WKH�FRQWUDU\��LQ�WKH�SUHVHQFH�RI�7*)�ơ��
����QJ�PO���5$�)/6�VKRZHG�VLJQLÀFDQW�
decreased IL-34 gene expression. 

,/����H[SUHVVLRQ�SURPRWHV�
5$�)/6�SUROLIHUDWLRQ�YLD�(5.����
DQG�$.7����SDWKZD\V
7KH� V)/6� FHOOV� ZHUH� WUDQVIHFWHG� ZLWK�
WKUHH� GLIIHUHQW� VHTXHQFHV� RI� ,/����
siRNA, and siRNA 578 exhibited op-
WLPXP�GRZQ�UHJXODWLRQ�RI� ,/����JHQH��
PDQLIHVWHG�E\�57�3&5��)LJ���$�D��DQG�
ÁXRUHVFHQW�LPDJLQJ��)LJ���$�E���&&.���
SUROLIHUDWLRQ� DVVD\� UHYHDOHG� WKDW� ,/��ơ�
VKRZHG� LQFUHDVHG� SUROLIHUDWLRQ� FRP-
SDUHG� WR� 7*)�ơ�� DQG� XQWUHDWHG� FHOOV��
However, IL-34 down-regulated cells 
KDG� D� VLJQLÀFDQW� GHFUHDVH� LQ� SUROLI-
eration (Fig. 2B). Although, increased 
V)/6� SUROLIHUDWLRQ� LQ� FHOO� FXOWXUH� ZDV�
REVHUYHG� LQ� ,/��ơ� WUHDWHG� FHOOV� DIWHU� ��
GD\V� IURP�FHOO� VHHGLQJ�� WKH� WUDQVIHFWHG�

FHOOV�DQG�7*)�ơ�� WUHDWHG�FHOOV� VKRZHG�
D� VLJQLÀFDQW� GHFUHDVH� LQ� SUROLIHUDWLRQ��
&HOO�SUROLIHUDWLRQ�ZDV�REVHUYHG�DIWHU���
days and cells were stained with crys-
WDO�YLROHW�IRU�YLVXDOLVDWLRQ��)LJ���&���:H�
PHDVXUHG�WKH�JHQH�H[SUHVVLRQ�RI�9(*)�
DV� D� PDUNHU� IRU� V)/6� SUROLIHUDWLRQ��
9(*)�ZDV�VLJQLÀFDQWO\�HOHYDWHG�LQ�,/�
ơ��WUHDWPHQW�FHOOV��)LJ���'���7R�LQYHVWL-
gate the mechanisms involved in IL-34 
HQKDQFHG�SUROLIHUDWLRQ�RI�5$�)/6��ZH�
HYDOXDWHG� WKH� HIIHFW� RI� ,/���� SURWHLQ�
expression on signalling pathways that 
FRQWULEXWH� WR� FHOO� SUROLIHUDWLRQ� SDUWLFX-
larly extracellular signal regulated ki-
nase 1/2 (ERK1/2) and protein Kinase 
(AKT1/2) pathways. We stimulated 
5$�)/6�ZLWK� ,/��ơ��7*)�ơ��DQG�DOVR�
used IL-34 down-regulated cells. These 
cytokine concentrations could variably 
DIIHFW� WKH� SUROLIHUDWLRQ� RI�5$�)/6� YLD�
enhancing and inhibiting IL-34 expres-
sion. Western blot analysis showed that 
ERK1/2 and AKT1/2 pathways medi-
DWHG�,/����OHYHOV�ZHUH�VLJQLÀFDQWO\�DF-
tivated (Fig. 2E). 

,/����NQRFN�GRZQ�LQGXFHV�
*��*��DUUHVW�LQ�5$�)/6
'HSHQGLQJ� RQ� WKH� REVHUYHG� FRQWLQX-
DWLRQ� LQ� V\QRYLDO� ÀEUREODVW� SUROLIHUD-
WLRQ�XSRQ�,/����VWLPXODWLRQ�� WKH�HIIHFW�
RI� ,/���� RQ� FHOO� F\FOH� ZDV� DVVHVVHG��
6LJQLÀFDQW� GLIIHUHQFHV� ZHUH� REVHUYHG�
in cell accumulation at G0/G1. IL-34 
exhibited suppressed cell growth in the 
*��*�� SKDVH� RI� FHOO� F\FOH� DQ� DYHUDJH�
RI� ������� ������� ������� IRU� ,/��ơ��
7*)�ơ�� DQG� ,/���� GRZQ�UHJXODWHG�
cells respectively. The results showed 
knock-down IL-34 exposed maximum 
cell cycle arrest in the cell population 
FRPSDUHG�ZLWK�RWKHU�JURXSV�RI�WKH�FHOO�
population (Fig. 3). 

,/����GHFUHDVHV�5$�)/6�DSRSWRVLV
The apoptosis assay conducted showed 
WKDW��,/��ơ�WUHDWHG�FHOOV�KDG�VLJQLÀFDQW�
decreased initiated apoptosis compared 
with other treated cells (Fig. 4A/b). The 
WRWDO�SHUFHQWDJH�RI�DSRSWRWLF�FHOOV��HDU-
O\�VWDJH�DQG�ODWH�VWDJH��ZDV�������IRU�
,/�ơ�WUHDWHG�FHOOV��)LJ���$�E��DQG�WKDW�
7*)ơ�� WUHDWHG� FHOOV� ZDV� ������ �)LJ��
4A/c). This percentage increased re-
PDUNDEO\�WR�������IRU�,/����WUDQVIHFW-
ed cells (Fig. 4A/d). To determine the 
DSRSWRWLF�PHFKDQLVP�V��IXQGDPHQWDO�WR�
this observation, we investigate particu-
lar apoptotic proteins that could be in-
duced cell death. The expression levels 
RI�%&/���DQG�FDVSDVH��ZHUH�H[DPLQHG�
LQ�V)/6�WUHDWHG�ZLWK�GLIIHUHQW�F\WRNLQHV�
concentration, untreated cells (control) 
DQG�WUDQVIHFWHG�FHOOV��:H�REVHUYHG�VLJ-
QLÀFDQW� GLIIHUHQFHV� LQ� %&/��� SURWHLQ�
H[SUHVVLRQ��,/��ơ�WUHDWHG�FHOOV�VKRZHG�
D�VLJQLÀFDQW�LQFUHDVH�LQ�H[SUHVVLRQ�OHY-
HO��ZKLOH�,/����WUDQVIHFWHG�FHOOV�VKRZHG�
diminished BCL-2 protein expression. 
&RQWUDULO\�� ,/��ơ� WUHDWHG� FHOOV� H[KLE-
LWHG� D� VLJQLÀFDQW� GHFUHDVH� LQ� FDVSDVH��
FRPSDUHG�ZLWK� WUDQVIHFWHG�FHOOV�ZKLFK�
GHPRQVWUDWHG� D� VLJQLÀFDQW� LQFUHDVH� LQ�
caspase3 protein expression compared 
with other groups (Fig. 4B).

,/����SURPRWHV�5$�)/6�PLJUDWLRQ�
Wound-healing and transwell assays 
were used to evaluate sFLS migration. 
7KH�V)/6�FHOOV�WUHDWHG�ZLWK�,/��ơ�ZLWK�
high IL-34 gene expression had sig-
QLÀFDQWO\� DFFHOHUDWHG� PLJUDWLRQ� FRP-
SDUHG�ZLWK� FHOOV� WUHDWHG�ZLWK�7*)�ơ���
and down-regulated IL-34 cells, which 
had low IL-34 gene expression, showed 
GHOD\�LQ�FORVXUH�RI�ZRXQG�JDS�DQG�SHU-
FHQWDJH� RI� FHOO� PLJUDWLRQ� DFURVV� WUDQ-
VZHOO�PHPEUDQH�DIWHU����K���)LJ���$�%��

)LJ���� ,/����NQRFN�GRZQ�LQKLELWV�V)/6�SUROLIHUDWLRQ�WKURXJK�LQGXFLQJ�*��*��DUUHVW��
,/����GRZQ�UHJXODWLRQ�UHSUHVVHV�*��*��6�FHOO�F\FOH�WUDQVLWLRQ�RI�V)/6��)ORZ�F\WRPHWU\�DQDO\VLV�RI�WUHDWHG��XQWUHDWHG�DQG�WUDQVIHFWHG�V)/6��


p<0.005.
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7KH�H[SUHVVLRQ�RI�003���DQG�003���
ZHUH�H[DPLQHG�LQ�D�V\QRYLDO�ÀEUREODVW��
2XU�57�3&5� UHVXOWV� VKRZHG� WKDW� ERWK�
003���DQG�003���DUH� H[SUHVVHG�E\�
V)/6�� 2XU� ÀQGLQJV� GHPRQVWUDWH� WKDW�
003��� DQG� 003��� DUH� VLJQLÀFDQWO\�
H[SUHVVHG� LQ� WKH� SUHVHQFH� RI� ,/��ơ�
treated cells, but less expressed in 
7*)�ơ�� WUHDWHG�RU�GRZQ�UHJXODWHG�,/�
34 cells. (Fig. 5C) In the same context, 
the gelatinases zymography revealed 
D� KLJK� DFWLYLW\� RI�003��� DQG�003�
�� LQ� ,/��ơ� WUHDWHG� FHOOV�� IXUWKHUPRUH��
low activity was observed in the su-
SHUQDWDQWV�RI�7*)�ơ��DQG�,/����GRZQ�
UHJXODWHG�FHOOV�� �)LJ���'��&ROOHFWLYHO\��
these results indicate that IL-34 plays a 
contributory role in sFLS migration and 
restricting its expression could be a po-
tent therapeutic target. 

'LVFXVVLRQ
6FLHQWLÀF� VWXGLHV� KDYH� FRQFHQWUDWHG� RQ�
WKH�FUXFLDO�UROH�RI�F\WRNLQHV�LQ�WKH�GHYHO-
RSPHQW�DQG�SURJUHVVLRQ�RI�5$��3UHYLRXV�
VWXGLHV�GHPRQVWUDWHG�WKDW�SUR�LQÁDPPD-
WRU\� F\WRNLQHV� VXFK� DV� 71)�Ơ�� ,/��ơ��
IL-6 and IL-21 play diverse roles in the 
SDWKRSK\VLRORJ\� RI� 5$�� DQG� VHUYH� DV�
therapeutic targets in RA patient. These 
cytokines certainly involve and promote 

LQÁDPPDWLRQ� DQG� RVWHRFODVWRJHQHVLV� LQ�
the arthritic joints motivate the destruc-
WLRQ� RI� FDUWLODJH� DQG� VXEVHTXHQWO\� WKH�
joint bone (1, 5, 6). In this study, we 
IRFXVHG� RQ� ,/����� ZKLFK� VXEVWDQWLDOO\�
controls RA in many aspects. We dem-
RQVWUDWHG�D�GRZQVWUHDP�HIIHFW�RI� ,/����
UHJXODWHG�E\�7*)�ơ��DQG�,/��ơ�LQ�V)/6�
7KH� XQGHUVWDQGLQJ� RI� WKH�PHFKDQLVPV�
ZKLFK� UHJXODWH� WKH� SURGXFWLRQ� RI� WKLV�
cytokine could contribute to the devel-
RSPHQW�RI�QHZ�GUXJV�RU�WUHDWPHQW�UHJL-
mens. We demonstrated that two cy-
WRNLQHV��,/��ơ�DQG�7*)�ơ���DUH�FDSDEOH�
to promoting and inhibiting IL-34 gene 
H[SUHVVLRQ� UHVSHFWLYHO\��:H� FRQÀUPHG�
WKDW�,/��ơ�SURPRWHV�VLJQLÀFDQWO\�,/����
H[SUHVVLRQ��ZKLOH�7*)�ơ�� LQKLELWV� ,/�
��� H[SUHVVLRQ� LQ� V\QRYLDO� ÀEUREODVWV��
3UHYLRXV�VWXGLHV�KDYH�VKRZQ�WKDW�,/����
expression could be controlled directly 
WKURXJK�,/��ơ�DQG�7*)�ơ��������
6\QRYLDO� ÀEUREODVW� LV� WKH� PDMRU� FHOO�
population in synovial tissues and plays 
DQ�LPSRUWDQW�UROH�LQ�WKH�SURJUHVV�RI�5$��
7KH�UHODWLRQ�EHWZHHQ�LQÁDPPDWRU\�F\-
WRNLQHV�� FHOOXODU� SUROLIHUDWLRQ�� DQG� DQ-
JLRJHQHVLV�� LQYDVLRQ�� DQG�PHWDVWDVLV�RI�
cancer cells are considered to be a new 
FRQFHSW�IRU�GLDJQRVLV�DQG�WUHDWPHQW����
8). In this study, we demonstrated that, 

LQ�5$�)/6��WKH�H[SUHVVLRQ�RI�,/����VLJ-
QLÀFDQWO\� HQKDQFHV� 5$�)/6� SUROLIHUD-
tion and its knockdown is accompanied 
ZLWK�VLJQLÀFDQW�GLPLQLVKLQJ�RI�5$�)/6�
SUROLIHUDWLRQ� FRPSDUHG� ZLWK� FRQWURO�
FHOOV�� 7R� VXSSRUW� RXU� ÀQGLQJ��ZH� XVHG�
,/��ơ�DQG�7*)�ơ��DV�HQKDQFHU�DQG�VXS-
SUHVVRU�RI�,/����H[SUHVVLRQ�UHVSHFWLYH-
O\��DQG�ZH�IRXQG�VLPLODU�UHVXOWV��6HYHUDO�
reports have shown that IL-34 has a role 
LQ�SURPRWLQJ�ÀEURF\WH�SUROLIHUDWLRQ�DQG�
activation during arthritis (9). Further-
more; IL-34 is strongly associated with 
V\QRYLDO� LQÁDPPDWLRQ�DQG�PRWLYDWHV�D�
V\QRYLDO�DQJLRJHQHVLV�DQG�FHOO�SUROLIHU-
ation potentiated through hypoxia (10).
Recently, several studies have shown 
that, VEGF is a new member in pro-
JUHVVLRQ� RI� 5$�� DQG� WKDW�� LW� LQFUHDVHV�
osteoclastogenesis and prompts de-
VWUXFWLRQ� RI� MRLQW� ERQH� LQ�5$� SDWLHQWV�
(11). Juan Zhang et al. reported a 
VWURQJ� FRUUHODWLRQ� EHWZHHQ� 7*)�ơ��
and VEGF expression in supernatants 
RI� D� 5$�)/6� FRPSDUHG� ZLWK� QRUPDO�
control FLS (12). Here, we report that 
,/��ơ� �XS�UHJXODWHV� ,/����� LQFUHDVHV�
H[SUHVVLRQ�RI�9(*)��ZH�K\SRWKHVLVHG�
WKDW�,/����FRXOG�EH�SHUIRUPLQJ�DV�D�SR-
tential link between TGF-B1 and VEGF 
expression.

)LJ���� IL-34 knock-down induces apoptosis in sFLS
A��V)/6�FHOOV�ZHUH�WUHDWHG�ZLWK�GLIIHUHQW�FRQFHQWUDWLRQV�RI�F\WRNLQHV�IRU���K�DQG�DQDO\VHG�E\�DSRSWRVLV�DVVD\���)$&6�UHSUHVHQWDWLYH�ÁRZ�F\WRPHWU\�GRW�SORWV�
RI�DQDO\VLV�RXWSXW�RI�V)/6��B��%&/����FDVSDVH��DQG�ơ�DFWLQ�SURWHLQV�H[SUHVVLRQ��LQWHUQDO�FRQWURO��RI�WUHDWHG��XQWUHDWHG�DQG�WUDQVIHFWHG�V)/6�DIWHU�ZHVWHUQ�
blot experiment. **p<0.003, ***p<0.0001.
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7KH� FHOO�GLYLVLRQ� F\FOH� RI� PDPPDOLDQ�
FHOOV� LV� FRQWUROOHG� E\� D� VHTXHQFH� RI�
SRVLWLYH� DQG� QHJDWLYH� UHJXODWRU\� IDF-
tors in the cell cycle. Certain elements 
SOD\�LPSRUWDQW�UROHV�LQ�WKH�SURWHFWLRQ�RI�
FHOOV� IURP� FHOO� F\FOH� DUUHVW�� +RZHYHU��
WKH� LQKLELWLRQ� RI� WKHVH� HOHPHQWV� FRXOG�
LQGXFH�D�UHPDUNDEOH�DUUHVW�RI�FHOO�F\FOH� 
&\FOLQ�GHSHQGHQW�NLQDVH������&'.�����
inhibition promote G0/G1 cycle arrest 
WKURXJK�&'.���� LQKLELWLRQ� LQ� FXOWXUHG�
KXPDQ�UHQDO�SUR[LPDO�WXEXOH�FHOOV�DIWHU�
FHOO�LQMXU\�������1RWDEO\��ZH�IRXQG�WKDW�

WKH� LQKLELWLRQ� RI� ,/���� LQ� V)/6�PDUN-
edly increases G0/G1 cell cycle. arrest. 
2XU�UHVXOWV�SDUWLDOO\�H[SODLQ�,/����SURE-
ably mediates the sFLS survival and the 
underlying molecular mechanism(s) still 
DPELJXRXV�DQG�QHHG�IXUWKHU�HOXFLGDWLRQ���
Some studies have indicated that sev-
eral cytokines might contribute to the 
EHKDYLRXU�RI�FHOOV��VXFK�DV�FHOO�PLJUD-
tion (14). Qingli Bie and his colleagues 
GHPRQVWUDWHG� WKDW� WKH� VXSHUQDWDQW� RI�
mesenchymal stem cells treated with 
H[RJHQRXV� ,/���ơ�SURPRWHV�PLJUDWLRQ�

RI�JDVWULF�FDQFHU�FHOOV�������)URP�DQRWK-
er perspective, the IL-33 and osteopon-
tin coordinate neutrophil and monocyte 
migration in RA (16, 17). 
�003V��DUH�WKH�NH\�HQ]\PHV�LPSOLFDW-
ed in RA progression, and their activity 
LV�KLJKO\�FRQWUROOHG�ZLWK�SURLQÁDPPD-
tory cytokines (18). In this study, we 
exhibited IL-34 prompted the migration 
RI�5$�)/6��DOVR�HQKDQFHG�WKH�H[SUHV-
VLRQ�RI�HQGRJHQRXV�003��DQG�003���
This agrees with previous study which 
VKRZHG� GRZQ�UHJXODWLRQ� RI� HQGRJ-

)LJ�� �� (IIHFW� RI� ,/���� GRZQ�
regulation on sFLS migration. 
A: Wound-healing assay asso-
ciated with treated, non-treated 
DQG�WUDQVIHFWHG�V)/6�PLJUDWLRQ��
3KDVH�FRQWUDVW� PLFURJUDSKV� RI�
the scratched zone at 0 and 24 h 
DIWHU�VFUDWFKLQJ��
B. Treated, non-treated and trans-
IHFWHG� V)/6� PLJUDWLRQ� DFURVV�
transwell membrane at 24 h. 
C�� 003��� DQG� 003��� JHQHV�
H[SUHVVLRQ� DVVRFLDWHG� ZLWK� GLI-
IHUHQW� V)/6� VWLPXODWLRQ�� WUDQV-
IHFWHG�DQG�FRQWURO�FHOOV��003���
DQG�003���P51$�OHYHOV�ZHUH�
GHWHUPLQHG�E\�57�3&5� 
D�� ,QYHUVH� SLFWXUH� RI� JHODWLQ�
]\PRJUDSK\�JHO�IRU�GHWHFWHG�RI�
003��� DQG� 003��� DFWLYLVWV��
The analysis was demonstrated 
LQ� FXOWXUH� VXSHUQDWDQWV� RI� 5$�
)/6� FHOOV� SRVW� VWLPXODWLRQ� IRU�
24h.
*p<0.02
**p<0.001
***p<0.0001
***p<0.0002
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HQRXV�003���RU�003���UHGXFHG�5$�
FLS migration and invasion. Moreover, 
003��� DFWLYDWHV� 5$�)/6� PHGLDWHG�
LQÁDPPDWLRQ�DQG�GHJUDGDWLRQ�RI�FDUWL-
lage in RA (19). 
Cell suicide (apoptosis) is a programmed 
cell death that occurs in multiple cells 
due to biochemical reaction, which leads 
to characteristic changes and eventually 
cell death. Many reports have shown 
that several cytokines could induce ap-
optosis. Yan and others reported that 
7*)�ơ� WULJJHUV� DSRSWRVLV� UHVSRQVH� LQ�
human endothelial cells through up-
UHJXODWLRQ� RI� 1R[�� 1$'3+� R[LGDVH�
DQG�SURGXFWLRQ�RI�UHDFWLYH�R[\JHQ�VSH-
FLHV� �526�� ��������� +HUH�� ZH� UHSRUW�
WKDW�V)/6�WUHDWHG�ZLWK�7*)�ơ��VKRZHG�
VLJQLÀFDQW� DSRSWRWLF� UDWH� FRPSDUHG�
ZLWK� ,/��ơ��7KHUHIRUH��ZH�K\SRWKHVLVH�
WKDW� 7*)��ơ� LQGXFH� WKH� V)/6� DSRSWR-
sis. Moreover, in previous study, IL-33 
LPSURYHG�QHXURORJLFDO�IXQFWLRQ�DFWLYLW\�
by impeding the apoptosis (23). In con-
WUDVW��ZH�VKRZHG�WKDW�,/����VLJQLÀFDQWO\�
decreased sFLS apoptosis. Conversely, 
NQRFN�GRZQ� RI� ,/���� HQKDQFHV� XQ-
doubtedly sFLS apoptosis. To highlight 
more on the mechanism that underlies 
the above observation, the expression 
RI� IXQGDPHQWDO� SURWHLQV� WKDW� UHJXODWH�
apoptosis were determined. BCL-2 ex-
hibited over-expression in response to 
IL-34 treatment. Also, caspase3 expres-
VLRQ�ZDV� LQFUHDVHG� LQ� WUDQVIHFWHG� FHOOV�
(down-regulated IL-34) compared with 
untreated sFLS. However, this mecha-
QLVP�UHTXLUHV�IXUWKHU�LQYHVWLJDWLRQV�
IL-34 activates several signalling path-
ZD\V� LQFOXGLQJ� WKH�0$3.��3,�.�$NW��
JAK and NF-țơ�������:H�IRXQG�WKDW�,/�
34 through supporting cytokines, stimu-
late RA-FLS, and activate ERK1/2 and 
AKT1/2 signalling pathways. We sug-
gest that these stimulations are partly 
triggered by IL-34. Also, we observed 
WKDW� EORFNLQJ� RI� ,/���� GHFUHDVHG� VLJ-
QLÀFDQWO\�WKH�H[SUHVVLRQ�RI�NLQDVH�SDWK-
ways and inhibit IL-34 promoted pro-
OLIHUDWLRQ��7KH�(5.�SDWKZD\�KDV�EHHQ�
UHSRUWHG� WR�FRQWULEXWH� WR� LQÁDPPDWRU\�
UHVSRQVH� RI� 5$�)/6��0RUHRYHU�� (5.�
LQKLELWLRQ� UHGXFHG� WKH� SUROLIHUDWLRQ� RI�
V)/6�����������2XU�ÀQGLQJV�LPSRUW�QHZ�
evidence, proposing IL-34 as a promis-
LQJ�WKHUDSHXWLF�WDUJHW�IRU�WKH�WUHDWPHQW�
RI�5$�

&RQFOXVLRQ
In summary, our data demonstrate that 
WKH� SUR�LQÁDPPDWRU\� F\WRNLQH� ,/����
modulates the aggressive sFLS patho-
logical behaviour and protects the cells 
IURP�DSRSWRVLV��,Q�WKLV�FRQWH[W��VLJQLÀ-
FDQW�GLPLQLVKLQJ�RI�PLJUDWLRQ�DQG�SUR-
OLIHUDWLRQ�� DQG� LQGXFWLRQ� RI� FHOO� DSRS-
tosis and anti-growth was observed in 
down-regulated IL-34 cells. Based on 
WKH�DERYH�ÀQGLQJV��ZH�VXJJHVW�WKDW�,/�
34 perhaps could be a promising thera-
SHXWLF�WDUJHW�IRU�5$�SDWLHQWV�
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